Angioimmunoblastic T-cell lymphoma (AITL) is the second most common type of peripheral T-cell lymphoma worldwide, and in some countries, it is the most common form. Clinically, AITL usually presents with systemic symptoms, diffuse lymphadenopathy, hepatosplenomegaly, and common laboratory abnormalities such as hypergammaglobulinemia. Rashes are seen in 50%-80% of patients. AITL derives from follicular T-helper cells (TFH), that express germinal center markers and produce hyperactivation of B-cells seen in AITL. Although the histological features of AITL in the skin could be similar to pathological findings present in lymph node biopsies, herein, we present 2 cases of AITL with histological and immunophenotypic features that were somewhat suggestive of extranodal marginal zone lymphoma. Caution is urged to exclude the possibility of a systemic T-cell lymphoma such as AITL in cutaneous and lymph node B-cell proliferations.
BACKGROUND
Angioimmunoblastic T-cell lymphoma (AITL) was initially thought to represent a form of reactive lymphadenopathy with dysproteinemia, as first proposed by Frizzera and Rappaport in 1974. [1] [2] [3] [4] [5] Later, Watanabe et al 6 hypothesized that AITL was a proliferation of hyperactive B cells. We now know that AITL is the second most common type of peripheral T-cell lymphoma (PTCL) worldwide, and in some countries, it is the most common form. 1, [7] [8] [9] Clinically, AITL usually presents with a constellation of findings that include diffuse lymphadenopathy, hepatosplenomegaly, and constitutional symptoms (fever, chills, weight loss, etc). Common laboratory abnormalities include hypergammaglobulinemia, elevated LDH, presence of autoantibodies, and elevated erythrocyte sedimentation rate. 7, 8 Rashes are associated with AITL in 50%-80% of patients. 2, [10] [11] [12] [13] [14] [15] [16] [17] Typically, the rash is morbilliform, and less commonly purpuric, urticarial, nodular, or petechial. Pruritus can be seen in up to 84% of cases. 10 It is now accepted that AITL derives from a population of regulatory T cells, called follicular T-helper cells (T FH ), that express PD-1, CD10, BCL-6, and CXCL13 and whose normal function is to induce B-cell activation in the germinal center. This explains the hyper activation of B-cell seen in AITL. [18] [19] [20] Although the histological features of AITL in the skin could be similar to pathological findings present in lymph node biopsies, we present 2 cases of AITL with histological and immunophenotypic features that were reminiscent of a B-cell lymphoproliferative disorder, such as marginal zone lymphoma (MALT).
CASE 1
A 59-year-old white man with no previous dermatology history developed generalized erythroderma in September 2012 sparing only his inguinal folds and portions of his thighs (Fig. 1A) . He was initially seen in January 2013 after several months of symptom control with prednisone tapers. At the time of evaluation, he complained of diffuse and severe itch with prominent dysesthesias. He also had symptoms consistent with Raynaud phenomenon, and dilated capillary loops were seen on capillaroscopy. Connective tissue disease was suspected and multiple skin biopsies consistently demonstrated eosinophilic spongiosis. In addition, laboratory test results demonstrated a leukocytosis of 20,000 leukocytes per microliter with more than 1600 eosinophils per microliter. Peripheral blood flow cytometry was ordered to better quantitate and characterize his leukocytosis. This demonstrated an abnormal T-cell population with a loss of CD7 (46%) and CD26 (48%) and a prominently elevated CD4:CD8 ratio (18.3:1). By this time, he had developed prominent epitrochlear and cervical lymphadenopathy, and he was referred to the multimodality cutaneous lymphoma clinic. A bone marrow biopsy was performed, which revealed a population of T cells with the same immunophenotypic abnormalities. TCR gene rearrangement analysis showed an oligoclonal population of T cells. He was suspected to be developing Sezary syndrome versus a primary hypereosinophilic syndrome and was started empirically on bexarotene in May 2013 with substantial improvement of his erythroderma. JAK2V617 mutation was found to be negative. By July 2013, he had developed multiple subcutaneous nodules over his forearms ( Fig. 1B) .
In August 2013, a punch biopsy of a 3-cm tumor on the patient's right forearm showed a superficial and deep perivascular and interstitial lymphoid infiltrate with extension into the subcutaneous tissue. A nodular pattern was present, and the infiltrate was heavier in the deeper portions of the biopsy (Fig. 2) . The infiltrate showed a very rich accompanying plasma cell population, composed predominantly of small and mature-appearing plasma cells. The lymphoid population was predominantly small to medium in size with some cells showing a plasmacytoid appearance. A larger population of cells with vesicular nuclei and prominent nucleoli was seen. Immunohistochemical stains ( Fig. 3 ) showed marked predominance of CD20 + B cells with a smaller component of CD3 + T cells. CD138 revealed a marked plasmacytosis. In situ hybridization for kappa and lambda light chains showed an overall polytypic population of plasma cells, with some areas showing kappa light chain predominance and others with the opposite pattern (lambda predominance). The smaller T-cell population showed variable expression of CD10 and BCL-6. EBER was positive in scattered lymphoid cells. Molecular studies performed on the skin biopsy showed a clonal population of T cells and an oligoclonal population of B cells by IGH gene rearrangement studies.
An outside pathologist who reviewed this case entertained a diagnosis of MALT lymphoma. A subsequent lymph node biopsy showed effacement of architecture by a monotonous population of medium sized lymphocytes with scattered intermixed larger cells. A rich arborizing vascular network was seen in the background with very prominent high endothelial venules. Numerous eosinophils and plasma cells in the background were seen. Residual follicles and germinal centers were present focally. Flow cytometric analysis of the inguinal lymph node showed an abnormal population of T cells with a very high CD4: CD8 ratio (14:2), loss of CD26 (38%), CD7 (23%), and aberrant coexpression of CD10. Immunohistochemistry revealed a large population of CD3 + T cells with coexpression of CD10 (16%). The corresponding permanent sections revealed marked disruption of the follicular dendritic networks based on a CD21 immunostain. CD30 was positive in a large number of immunoblasts. A large proportion of T cells also showed BCL-6 coexpression. Epstein-Barr virus (EBV)encoded RNAs by in situ hybridization (EBER-ISH) was positive in numerous lymphoid cells. Based on these findings, the patient was diagnosed with AITL.
At the time of diagnosis, quantitative real-time-polymerase chain reaction for EBV DNA was performed on the peripheral blood and showed high levels of EBV DNA (36,933 copies/mL). He was treated with 6 cycles of (Prednisone, Etoposide, Vincristine, Cyclophosphamide, Doxorubicin), achieving a partial response. His quantitative real-time-polymerase chain reaction for EBV DNA in peripheral blood became undetectable. Autologous hematopoietic stem cell transplantation was discussed, but the patient's performance status declined secondary to aortic valve disease with congestive cardiomyopathy, multiple infections, and refractory disease. He died few months thereafter (approximately 1 year after the diagnosis of AITL).
CASE 2
A 68-year-old man presented with a diffuse erythematous rash with accompanying nodules and plaques of varying sizes in the upper and lower extremities. Clinical lymphadenopathy was not evident at presentation. A punch biopsy ( Fig. 4 ) obtained from one of the cutaneous nodules showed a nodular and diffuse lymphoplasmacytic infiltrate centered in the dermis, sparing the epidermis, and extending deeply into the subcutaneous tissue. Perineural, periadnexal, and perivascular distribution of the abnormal cells was seen. The lymphoid cells were predominantly small to medium in size, with coarse chromatin and variable nucleoli. A subset of the cells had a plasmacytoid appearance. The plasma cells were markedly increased. The lymphoid infiltrate was composed predominantly of CD20 + B cells. CD3 was positive in very few scattered small T cells in the background (Fig. 5 ). A subset of the B cells showed coexpression of BCL-2, but not CD43, which stained a similar proportion of T cells. BCL-6 and CD10 was positive in some of the T cells. CD30 was positive in the larger immunoblasts. In situ hybridization for kappa and lambda showed an abnormally increased kappa to lambda ratio (6-7:1). EBER-ISH was positive in few scattered cells, which appear to be morphologically compatible with immunoblasts. The presumptive diagnosis, based on the in situ hybridization studies and the plasmacytoid morphology, was MALT lymphoma.
On subsequent clinical follow-up, the patient developed inguinal lymphadenopathy. An excisional lymph node biopsy ( Fig. 6 ) revealed effacement of the architecture by a population of medium-to-large cells with an increased number of immunoblasts, eosinophils, and plasma cells. Disrupted arborizing follicular dendritic networks were highlighted by CD21 immunostain. There was significant proliferation of high endothelial venules and follicular dendritic cells (FDC). The majority of the lymphocytes were CD3 + /CD4 + T cells with aberrant coexpression of CD10. EBER-ISH was also positive. Flow cytometry confirmed the presence of a population of abnormal T cells with aberrant loss of CD7 and an increased CD4: CD8 ratio. Molecular testing showed a monoclonal TCR gene rearrangement and no evidence of IgH gene rearrangement. A diagnosis of AITL was issued on both the skin and the lymph node biopsies.
The patient was treated with chemotherapy (M-CHOP) achieving a complete remission and then consolidated with autologous bone marrow transplant. Subsequent PET studies showed an excellent nodal response, but the rashes continue to recur, some of which showed similar histologic features to the original diagnostic biopsy. There is a predominantly nodular lymphoid infiltrate in the deep dermis and with extension in the subcutis. C and D, Mid-power view (·100 and ·200). The nodules are composed of a mixture of variable sized lymphocytes and histiocytes that lack germinal centers. E and F, High-power view (·400 each). Some of the large cells have morphologic features of immunoblasts, whereas others show cytologic findings reminiscent of Reed-Sternberg cells and variants. Numerous eosinophils (G, ·400) and plasma cells (H, ·400) are present.
DISCUSSION
The most recent World Health Organization (WHO) classification of hematopoietic neoplasms includes AITL in the category of nodal lymphomas of mature T cells. 1, 21 The majority of cases of AITL are associated with EBV, which can be detected with the use of in situ hybridization studies (EBER) or immunohistochemistry. 7, 9, [22] [23] [24] Biologically, EBV enters the B cells and CD21 + FDC and immortalizes them. 25 Normally, the FDCs are confined to the germinal centers. Proliferation of the FDCs retains the ability to rescue B cells from apoptosis. 25 It has been postulated that the infected and immortalized B cells then produce cytokines that stimulate FIGURE 3. Immunohistochemistry of case 1. The nodular aggregates of medium-to-large cells are CD20 + . CD3 shows a background of smallerappearing cells. CD30 is positive in many immunoblasts. CD10 shows positive staining in stromal elements, but is also positive in small lymphocytes. EBER is positive in a large number of immunoblasts. In situ hybridization reveals an overall polyclonal pattern. Although some areas show lambda predominance, others show the opposite (small inlet images).
T-helper cells and particularly T cells with a regulatory phenotype. 18, 26 The evidence suggesting the role of EBV in AITL includes the presence of EBV viremia and histological transformation of B cells. In support of the theory behind the production of neoplastic B cells in AITL is the development of diffuse large B-cell lymphoma in lymph nodes containing AITL. 24, 27, 28 However, numerous studies have shown that EBV reactivation can be the result of impaired immune surveillance. This pattern of EBV reactivation and viral shedding is the most common form of EBV viremia seen in lymphomas associated with immune suppression, such as posttransplant lymphoproliferative disorders and lymphomas associated with HIV infection. 29, 30 It is currently believed that the pattern of EBV activation seen in AITL and other types of T-cell lymphomas is likely secondary to shedding of cell-free, tumor associated EBV DNA fragments from latently infected cells. This is the pattern that also seems to explain the EBV activity seen in immune-competent patients, such as Hodgkin lymphoma cases. 31 Contrary to previous assumptions, the neoplastic T cells are not infected by EBV.
The surface marker profile of the neoplastic T cells in AITL consists of CXCL13, BCL-6, and CD40L. 22, 32, 33 T FH that mediate germinal center B-cell differentiation and antibody production normally produce these. Additional markers of T FH include PD-1, 20 SLAM-associated protein, and c-maf. 34 Interestingly, overexpression of c-maf has been shown in up to 75% of T-cell lymphomas, 35, 36 and is linked to increased expression of VEGF, or vascular endothelial growth factor, and tumor replication. 37 Increased vascularity is a well-known feature of AITL in lymph nodes, and neoangiogenesis and increased vascularity has been documented in up to 40% of AITL with cutaneous dissemination. 2, 10, 11, 14, 15, 38 Notably, FDC and endothelial cells in AITL show increased expression of FasL, whereas the tumor cells express Fas (CD95), highlighting the important role played by the interaction of Fas and FasL in the disease pathogenesis, and the close relationship between the environment of tumor cells and vessels. 10 Clinically, AITL presents with a very protean appearance and, in most circumstances, is described as morbilliform, and less often as purpuric, urticarial, nodular, or petechial. 10, 38 Because the disease is clinically very heterogeneous, the histological pictures seen with AITL are also variable and often times nonspecific, leading to an incorrect diagnosis of benign or reactive conditions. The most typical and recurrent histological skin findings seen in AITL are: (1) perivascular infiltrate (47% of cases), (2) vascular hyperplasia or proliferations (44% of cases), and (3) vasculitis (27% of cases). 10, 38 Clonal populations of T cells are seen in 87% of cases and clonal B cells can be found in up to 40%-80% of cases (with only 5 cases tested from previous reports). 10, 39 Uncommon histological presentations include granulomatous dermatitides, 4, 40 an atypical linear IgA dermatosis form, 40 prurigo-like eruptions, 41 and rarely an epidermotropic form mimicking mycosis fungoides (MF). 42 In our cases, the cutaneous presentations of the lymphoproliferative disorders preceded in time the development of the FIGURE 5. Immunohistochemistry of case 2. There is a much more prominent infiltrate of CD20 + B cells, as compared with the CD3 + T cells. Higher magnification of the CD20 immunostain shows positivity in variable sized lymphoid cells. CD10 is positive in stromal elements and smaller lymphocytes in the background. BCL-6 is positive in numerous lymphocytes, including some of the larger cells. EBER is positive in scattered lymphocytes, which are predominantly small. In situ hybridization for kappa and lambda shows kappa restriction. clinical adenopathy. The morphology and immunophenotype in both cases were vaguely suggestive of MALT, as there was a marked predominance of plasma cells, which was associated with an oligoclonal population of B cells in the first case, and light chains restriction on the second case by in situ hybridization studies. However, the infiltrates were relatively heavier in deeper portions of the biopsy for the first case, and also reveal a more heterogeneous population of lymphocytes including larger immunoblastic cells, with admixed eosinophils (for both cases). These features are rather unusual in the diagnosis of MALT lymphoma, where the infiltrate tends to be more monotonous, heavier in superficial to mid dermis, and could be (or not) associated with plasmacytic differentiation. Frequent residual germinal centers are seen in MALT lymphomas, with sometimes disrupted (but not arborizing) follicular dendritic networks. The typical immunophenotype in FIGURE 6 . Lymph node biopsy of case 2. There is effacement of the architecture at low-power magnification (A, ·20). Numerous plasma cells are seen at the periphery of the lymph node (B, ·200). C and D (·400, each) show very prominent vasculature with high endothelial venules and a background very rich in eosinophils. The immunostains show a predominance of CD3 + T cells as compared with the CD20 + B cells. CD21 shows arborizing and disrupted follicular dendritic networks. EBER is positive in numerous lymphoid cells.
MALT shows the absence of coexpression of CD5 and CD10, and light chains restriction within the plasma cells (in those cases with plasmacytic differentiation). BCL-2 and, less often, CD43 can be coexpressed in the B cells. Some cases of MALT lymphoma can show translocation of the MALT1 gene. 43 Subsequent excisional biopsies from the lymphadenopathies in both of our cases revealed the classic features associated with AITL, including effacement of the architecture, proliferation of arborizing FDCs, prominent vascularity, high endothelial venules, and the increased number of immunoblasts. An immunophenotypically aberrant population of T cells with coexpression of T FH markers, and T-cell clonality was confirmatory of the diagnosis. The atypical clinical presentations were later accompanied by slight increased hypergammaglobulinemia and EBV viremia.
In both cases, EBV reactivity was noted on both skin and lymph node biopsies. Although not typical, EBV reactivity has been described in the setting of MALT, particularly in immunosuppressed individuals. 44, 45 Bayerl et al 39 described a case of an individual diagnosed with MALT lymphoma who went on to develop cutaneous EBV-positive diffuse large B-cell lymphoma followed by AITL. The authors suggested that development of multiple clonal populations of B cells at cutaneous sites should warrant further evaluation for a T-cell lymphoma. We could contrarily argue that this could have been interpreted as AITL masquerading as cutaneous proliferations of B cells. In fact, the development of diffuse large B-cell lymphoma (DLBCL) in the setting of AITL has been welldocumented, 27, 28 including the isolated case report at a cutaneous site. 46 It has been shown the delay of the diagnosis of AITL from the development of cutaneous nonspecific lesions can take up to 2 years. 9, 39 Lachenal et al 9 has shown that at the time of diagnosis of AITL, patients have adenopathy in 99% of cases and cutaneous lesions in nearly half of the individuals. Federico et al 7 has shown a prevalence of adenopathy of 76% in a cohort of more than 1300 patients with a diagnosis of AITL. In their study, rashes were present in 21% of cases. Other clinical and laboratory findings that can be seen in AITL include hemolytic anemia (13%) and hypergammaglobulinemia (30%). A study of Balague et al 47 showed that in 15 cases of PCTL with frequent cutaneous involvement, there were EBV-negative clonal or monotypic B-cell populations ranging from plasma cell proliferations, B-cell lymphomas with plasmacytic differentiation, and plasmablastic. The presence of clonal plasma cells was observed in 3 PTCL-NOS patients, 2 AITL, 2 cutaneous CD4 + small/medium-sized pleomorphic Tcell lymphoma, and 1 patient with cutaneous PTCL-NOS. Contrary to our cases, all of them were EBV negative. Again, the authors documented the presence of "small EBV + lymphocytes" in 3 of the cases, although the overall interpretation of the EBER in situ studies was "negative." A study of Mattoch et al 48 et al described 16 cases of non-MF, non-AITL, cutaneous T-cell lymphomas with associated proliferations of B cells. The B-cell proliferations were more prominent than the T cells leading to a misdiagnosis of a B-cell lymphoma. 48 Three of these cases were EBV positive. Viraben et al 49 also reported on a case of a coexistent cutaneous low-grade B-cell lymphoma in the setting of AITL. The infiltrate was rich in plasma cells and small B cells. Although the authors also described it separately as a distinct diagnosis, they comment on "a few reactive EBV-positive small lymphocytes" in the skin biopsy.
In the more recent years, numerous studies have paid significant attention to the evaluations of PTCL with a follicular T-helper phenotype, 18, 26, [50] [51] [52] [53] of which AITL represents a classic example. Some examples where B-cell lymphomas are supported by T FH cells include nodular lymphocyte predominant Hodgkin lymphoma 54 and follicular lymphoma. 55 More interestingly, the follicular variant of PTCL-NOS and PTCL-NOS with T FH phenotype was found to have similar immunophenotypes to AITL. 48, 50, 51, 56 Some cases of PTCL-NOS can show areas very difficult to distinguish from AITL. 56, 57 It seems that the prognosis of lymphomas with T FH is better than other cases of PTCL. 58 In cutaneous T-cell lymphomas, the provisional diagnostic category of "primary cutaneous small to medium size CD4 + T-cell lymphoma (PCSMTCL)" is a T FH T-cell lymphoma. [59] [60] [61] [62] [63] This disease is characterized by dense nodular and diffuse aggregates of T cells in the dermis, with a helper phenotype, and a striking degree of pleomorphism. Some of these cases can also have a slight increased proliferation index (up to 30% in some cases). As opposed to AITL, the infiltrate is denser and the number of B cells less is conspicuous with atypical plasma cells and no association with EBV. Clinically, PCSMTCL is usually indolent without systemic manifestations when presenting as a solitary lesion. Eleven cases of classic MF with a T FH phenotype (BCL-6 and PD-1 expression, negative CD10) have been described. 52 All of these cases had a clinical presentation typical of MF (patches or plaques) or Sezary syndrome (diffuse erythroderma). Histologically, epidermotropism was present in all cases with some cases showing classic Pautrier microabscesses. All cases were CD4 + and EBV negative. As opposed to AITL, these cases show a clinical presentation typical for MF, the infiltrate was epidermotropic (a feature not present in any case of AITL), and there was absence of CD10 and EBV. More recently, some authors have described CD4-and CD8negative cases of MF with T FH phenotype (a pattern also seen by the authors' personal experience). 64, 65 Another recently described entity, primary cutaneous T follicular helper lymphoma, has been proposed as a form of an aggressive cutaneous lymphoma. 50 Clinically, these present with papules, plaques, and nodules, distributed in the limbs, trunk, and head and neck region. Imaging studies find no evidence of systemic dissemination at diagnosis. Histologically, these show diffuse dense and nodular infiltrate of T cells and B cells with almost equal proportions. Admixed immunoblasts are often seen. EBV was negative in all cases. Immunohistochemistry reveals expression of CD10 and BCL-6 in the infiltrate, the proliferation index in those tumors was moderately high (30%-50%). All cases showed a clonal T-cell population, and one also revealed a clonal B-cell population. As opposed to PCSMTCL or MF with T FH , primary cutaneous T-cell lymphoma with T FH, phenotype is a more aggressive disease, and all patients require systemic treatment. 50, 53 Development of adenopathy occurred in 2 of the patients, and one has been treated with a bone marrow transplant. 53 Many cases were originally diagnosed as primary cutaneous follicle center lymphoma.
In summary, we report 2 cases of AITL presenting as a rash, with histological and immunophenotypic features suggestive of MALT. In the setting of a patient presenting with a "primary cutaneous B-cell lymphoma," caution is urged to exclude the possibility of a systemic T-cell lymphoma such as AITL, in particular, when the morphology or immunophenotype are not conclusive, the patient has accompanying systemic symptoms (fevers, weight loss, adenopathy), hypergammaglobulinemia, or EBV viremia. Correlation with additional serologic markers, imaging studies, and a prompt and early consultation with clinical hematology is of extraordinary importance in cutaneous and lymph node B-cell proliferations to avoid misdiagnoses.
